We present here the first mercury speciation study in the water column of the Southern Ocean, using a high-resolution south-to-north section (27 stations from 65.50°S to 44.00°S) with up to 15 depths (0-4440 m) between Antarctica and Tasmania (Australia) along the 140°E meridian. In addition, in order to explore the role of sea ice in Hg cycling, a study of mercury speciation in the "snow-sea iceseawater" continuum was conducted at a coastal site, near the Australian Casey station (66.40°S; 101.14°E). In the open ocean waters, total Hg (Hg T ) concentrations varied from 0.63 to 2.76 pmol L , with a distribution showing that the Hg T enrichment south of the SPF consisted mainly of Hg R (67 ± 23%), whereas, in contrast, the percentage was half that in surface waters north of PFZ (33 ± 23%). Methylated mercury species (MeHg T ) concentrations ranged from 0.02 to 0.86 pmol L −1
Introduction
Mercury is widely distributed in the oceans as a result of long-54 range atmospheric transport and deposition by wet and dry processes. The stability of its neutral and volatile species (mainly elemental (Hg0) and dimethylmercury (DMHg)) and the reactivity of its charged species (mainly chlorocomplexes) causes it to be intensively recycled between the lower troposphere and the ocean surface, and actively scavenged by particula matter (e.g., Mason and Gill, 2005) . All chemical forms are intricately linked together through the divalent pool (HgII), by various chemical reactions and microbiological transformations, such as methylation/demethylation and oxidation/reduction reactions (see reviews by Gill, 2005 and Fitzgerald et al., 2007) . Methylation/demethylation reactions control the abundance of monomethylmercury (MMHg) in seawater, a neuro-toxic species that is biomagnified in the food web, posing health s for consumers of marine seafood. Oxidation/reduction reactions influence the transfer of mercury between surface water and the troposphere. Many of these reactions involve phase changes, which, combined with spatial variations in ocean circulation, t intensity of the biological pump and the deposition of Hg, can generate large spatial heterogeneity in the distribution of the various Hg species.
Because of the analytical challenges of measuring Hg species concentrations in oceanic waters, the distribution of Hg species in the main oceanic water masses is still poorly The lack of Hg observations in the Antarctic environment has prevented identification of the 133 factors controlling the distribution and speciation of mercury in the SO, including the high Hg 134 bioaccumulation in open-ocean and coastal ecosystems. Here, we present the first Hg 135 measurements (including total mercury and labile, dissolved gaseous and methylated species) in 136 the water column of the SO, using a high-resolution south-to-north section (27 stations from 137 65.5°S to 44°S) with up to 15 depths (0-4440 m) between Antarctica and Tasmania (Australia) 138 along the 140°E meridian (Fig. 1) . 139
In addition, in order to explore the role of the sea i in the Hg cycling, a special study was 140 devoted to Hg speciation in the "snow-ice-brine-seawater" continuum at a coastal site, near the 141 Australian Casey station. More specifically, we wanted to address the following questions: were then placed into individual acid-cleaned PE containers and transported to the station 210 laboratory, where they were melted in the dark at ambient temperature before being processed. 211
Brines were drained from "sack holes" drilled at 50 cm and 100 cm deep in the ice cover. Nalgene® bottles, double-bagged and taken back to the Casey station laboratory. Standard trace 218 metal techniques were followed with all laboratory-based processing taking place under a class-219 100 laminar flow hood. Melted sea ice, snow, sack-hole brine and seawater samples were filtered 220 through acid washed 0.2 µm PC membrane filters (47-mm diameter, Sterlitech®) and using 221
Sartorius® filtration devices coupled with a vacuum pump (Nalgene®). Filtered volumes ranged 222 between 100 and 1000 mL depending on the type of sample. A 125-mL aliquot from the <0. Europe. For means (± 95% confidence limits), we found 3.9 ± 4.5 pmol.L -1 (certified value: 62.8 244 ± 5.5 pmol.L -1 ) for ORMS-3 and 1.9 ± 0.2 pmol.L -1 for BCR-579 (certified value: 1.9 ± 0.5 pmol 245 L -1 ). The detection limit, 3 times the standard deviation of 5 blank replicates, was 0.15 pmol.L -1 . 246
The analytical reproducibility (5 replicate analyses of the BCR-579) was better than 10 %. The 247 reproducibility estimated on a CRM is assumed to be va for the analyzed seawater samples. 248
The possible drift in accuracy during analyses was checked by inserting a CRM every tenth 249 measurement. The salinity, temperature, dissolved oxygen and nutrie distributions (Fig. 2) follow the 283 typical patterns found along the SR3 transect (Rintoul and Bullister, 1999). The SAF was located 284 between 51.0°S to 52.7°S, and SACCF, associated with the upwelling of the Antarctica 285 divergence, at 63.4°S, and the northern ice pack limit was found in the SZ at 64°4'S (Fig. 2) . 
Hg T distribution in the SO
Coquery, 2005). In order to examine possible Hg T differences linked to a water mass source, we 318 characterized the different water masses found along the transect, based on depth, salinity and 319 temperature (Table 1) . We observed slightly different an Hg T concentrations: 1.35, 1.19 and 320
1.15 pmol.L -1 , for AABW, CDW, and AAIW , respectively (Table 1) . Noteworthy is the facr that 321 the highest mean concentration was found in AABW, with a small difference between AABW 322 and AAIW (p<0.15 for tests, Table 2 ). The AAIW mean concentration calculated here is 323 consistent with a measurement made by Mason and Sullivan (1999) 
DGHg distribution in the SO
The most striking feature of the Hg T data collected at the shallow coastal station near Casey 379 (seafloor < 20 m deep) is that the Hg T concentrations, ranging from 0.9 to 27.8 pmol.L -1 , were 380 one order of magnitude higher than those measured in open sea waters. Figure 8 illustrates the 381 distribution of Hg T found in the snow and sea ice (Fig. 8a-e) and in seawater below the ice (Fig.  382 8f-j). Detailed data, with sack-hole brine values, are given as supplementary information in the 383
Web appendix 2. High Hg T concentrations occurred in snow, sack-hole brine and seawater, 384 compared to bulk sea ice (W eb appendix 2). Hg T distributions in sea ice were generally 'C'-385 shaped, with higher concentrations in the top and bott parts of the sea ice cover (Fig. 8) . The 386 'C'-shape profile has been described in the case of sea ice bulk salinity in many other field 387 studies (e.g. Nakawo (Fig. 8d) support the idea of a net atmospheric deposition a the sea ice edge, where halogen 462 oxidation is favoured. The low salinity and warm temperature of the upper sea ice cover implies 463 melting snow events, which also suggest that atmospheric Hg deposition may contribute to the 464 higher concentration of Hg T in the top most part of the ice cover (Fig. 8) . In addition, when the 465 sea ice extent increases in autumn/winter in the SZ, the sea surface is protected from the UV, 466 resulting in decreased Hg II photoreduction, and allowing the build-up of Hg-enriched surface 467 waters during winter months. This process may concur to explain the elevated Hg T and Hg R 468 1 17 concentrations we observed in under-ice seawater during the Casey field work and further in the 469 SZ during GEOTRACES cruise (Figs. 3 and 4) . The build-up of Hg enriched surface waters under 470 the ice is (i) supported by the low value of the DGHg/Hg R ratios in surface samples (< 30% in the 471 SZ at the ice edge), which suggests that Hg R is constituted mainly of oxidized Hg and, (ii) 472 consistent with the presence of dissolved organic ligands exuding from the massive primary 473 production at the basal ice into surface waters (see high POC and Chl , Fig. 8g and h, and web  474 appendix 2). Mercury enrichment from sedimentary sources even in the coastal zone seems 475 unlikely at this time of the year, since, despite the shallow bathymetry, the seawater profiles o 476 not show contribution from sediment resuspension (Fig. 8 and W eb appendix 2) . 477
However, such high concentrations in surface waters were also found for iron and other trace 478 role for particles, since we filtered our snow, ice and brine samples. 490
In summary, we suggest that multiple processes are able to enrich Hg in the surface waters in the 491 seasonal ice zone: (i) a net atmospheric Hg deposition on ice-free surface water near the ice edge, 492
(ii) the shielding from photoreduction under the ice-cover during winter months, (iii) massive 493 algal production at basal sea ice during spring and summer, and (iv), the Hg enrichment in brine 494 during sea ice formation. These processes result in build-up of Hg-enriched surface waters during 495 winter months and its subsequent downward transfer with the AABW. The hypothesis of a Hg 496 enrichment in AABW is supported by the slightly higher Hg R mean concentration compared to 497 CDW and AAIW, and the slightly higher Hg T mean concentration compared to AAIW (Tables 1  498 and 2). The relative contribution of the various processes may vary seasonally and would, 499 1 a therefore, require further investigations. Indeed in the present observations, we might have some 500 decoupling in the processes between the SZ observations during the SR3 GEOTRACES transect 501 made in autumn (when sea ice is formed) and Casey station observations made during the Austral 502 spring (when sea ice melts). 503
Regarding methylmercury in the sea ice environment, the complex distribution of MeHg T 504 distribution in the coastal "snow-sea ice-seawater" continuum (Fig. 8) Although Hg is considered as a reactive element with a short residence time in seawater 517 (similar to Pb), its vertical distribution in the ocea is more complex than simple surface 518 enrichment and low concentrations at depth, reflecting an atmospheric source and particle 519 removal, respectively. Indeed, that fact that several species participate in the oceanic organic 520 matter cycle of generation and mineralization, results in distributions characterized by surface 521 depletion and elevated concentrations at depth in the egeneration zone. The vertical distributions 522 of Hg R , MeHg T , and DGHg that we found in SO waters are rather "classical", corresponding to 523 the Hg cycle described above. Indeed, the Hg species profiles we recorded in the SO are 524 consistent with the early or refined general model (e.g., Mason and Fitzgerald, 1990 ; Sunderland 525 et al., 2009), according to which Hg enters the ocean s inorganic species from the atmosphere, is 526 scavenged by particles that sink from the euphotic zone and re-supply Hg at depth during organic 527 matter degradation, and that serve as a substrate for methylating bacteria. 528
ercury speciation in SO waters
Whereas, Hg R vertical profiles (Fig. 4) Heumann, 1998). Furthermore, the production of methylated Hg by marine polar bacteria has 586 been demonstrated by the same authors in a subsequent study (Pongratz and Heumann, 1999) . (Table 1) , than all the measurements 605 made in the NADW until now. This 1.8 to 1.2 pmol L -1 concentration decrease may be 606 attributable to Hg scavenging during the transit of this water mass southward through the Atlantic 607 and eastward in the SO. From the Hg R distribution in deep waters along the SR3 transect (Fig. 4) , 608 it appears that labile Hg concentrations tend to be slightly higher north of 53°S than south, which 609 supports the idea of a scavenging of certain reactive cies of Hg within deep waters during 610 their transit poleward. As shown by the Hg T distribution on the transect (Fig. 3) , it is clear that 611 the Hg originating from the atmosphere in the North Atlantic and brought to the southern 612 hemisphere with NADW is not responsible for the Hg T enrichment south of the SAF observed on 613 the SR3 transect. More likely, the surface distribution with high concentrations at the 614 southernmost stations suggests an Hg source in the surface water near the ice edge (Fig. 3) . These 615 
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